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Toni Monleón: Richness and sampling effort in metagenomics  

An old ecological problem when exploring a given environment is how many species are not 
observed and, subsequently, if the sampling effort is appropriate. If we look the biological 
context of metagenomics, we realize that many bacterial species are non-cultivable out of their 
natural environment and, therefore, some sets of species (OTUs) can only be studied all 
together within their environment (e.g. human gut) using metagenomics via NGS by sampling 
and sequencing DNA (or RNA) from all species. Sample size in metagenomics is an unresolved 
problem in which statistics and computational methods have much to say, especially from the 
point of view of bayesian approach. Since exhaustive inventories of microbial communities 
would be impractical or too expensive, the actual diversity of microbial communities based on 
metagenomic samples needs to be estimated accurately. Nevertheless, it is important to know 
how well a sample reflects the community’s “true” diversity.  A suitable method, widely used in 
the ecology of communities, which enables calculate sample size is the extrapolation, which 
uses the observed accumulation curve to fit an assumed functional form that models the 
process of observing new species as the sampling effort increases. Unfortunately this method 
produces errors and deviations, as has been demonstrated in various simulations of 
metagenomic populations. The richness-abundance matrices have important uncertainties that 
cause these deviations: matrix sparsity or the coexistence of different subpopulations (e.g. 
“enterotypes”: communities of gut bacteria may form rather than falling into distinct groups). 
Sample size is dependent on the variance that exists among samples. It is impossible to know 
beforehand the sample size; one possibility is the use of a priori knowledge, and conduct a pilot 
study, prior to the final study. The variability source will be composed of the interindividual 
variance and technical variance; both are statistically treated in a different way. To solve this 
important issue, we propose the use of a Bayesian method based on Markov Chain Monte 
Carlo simulations (MCMC) to calculate the maximum expected number of OTUs during a 
rarefaction curve, a technique to assess species richness from the results of sampling; 
supposing a Dirichlet-multinomial probability distribution for the matrix of richness-abundance. 
The sample size on the base of sampling effort (90, 95 and 99%) is then calculated assuming 
saturation or not using parametric and non-parametric nonlinear models. These calculations 
have been implemented in the function MetagenSample.size.H1() of a new library for R 
"Bayesian inference in Metagenomics" BDSbiost3. MetagenSample.size.H1 has been used in 
different simulation scenarios of the common practice in metagenomics (low abundance, high 
richness, oversampling, undersampling) and the results (Sp) are presented with the effort curve 
and a value proposed of the correct number of samples to reach the extrapolated richness of 
the 90, 95 and 99%. This function is very useful for researchers in this field, in cases of 
uncertainty (for example low abundance and lots of wealth and few samples) to get a first idea 
of the effect and the sampling effort carried out. 

 


